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Objective.—To describe trends in Wood lead levels for the US population and
selected population subgroups during the time period between 1976 and 1991.

Design.—Two nationally representative cross-sectional surveys and one cross-
sectional survey representing Mexican Americans in the southwestern United
States.

Setting/Participants.—Participants in two national surveys that included blood
lead measurements: the second National Health and Nutrition Examination Survey,
1976 to 1980 (n=9832), and phase 1 of the third National Health and Nutrition Ex-
amination Survey, 1988 to 1991 (n=12119). Also, Mexican Americans participat-
ing in the Hispanic Health and Nutrition Examination Survey, 1982 to 1984
(n=5682).

Results.—The mean blood lead level of persons aged 1 to 74 years dropped 78%,
from 0.62 to 0.14 umol/L (12.8 to 2.8 ug/dL). Mean Wood lead levels of children aged
1 to 5 years declined 77% (0.66 to 0.15 umol/L [13.7 to 3.2 ug/dL]) for non-Hispanic
white children and 72% (0.97 to 0.27 umol/L [20.2 to 5.6 ug/dL]) for non-Hispanic
black children. The prevalence of blood lead levels 0.48 umol/L (10 \ig/dL) or greater
for children aged 1 to 5 years declined from 85.0% to 5.5% for non-Hispanic white
children and from 97.7% to 20.6% for non-Hispanic black children. Similar declines
were found in population subgroups defined by age, sex, race/ethnicity, income
level, and urban status. Mexican Americans also showed similar declines in blood
lead levels of a slightly smaller magnitude over a shorter time.

Conclusions.—The results demonstrate a substantial decline in blood lead lev-
els of the entire US population and within selected subgroups of the population. The
major cause of the observed decline in blood lead levels is most likely the removal
of 99.8% of lead from gasoline and the removal of lead from soldered cans.
Although these data indicate major progress in reducing lead exposure, they also
show that the same socJodemographic factors continue to be associated with higher
blood lead levels, including younger age, male sex, non-Hispanic black race/
ethnicity, and low income level. Future efforts to remove other lead sources (eg,
paint, dust, and soil) are needed but wiH be more difficult than removing lead from
gasoline and soldered cans.
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LEAD has been dispersed in the envi-
ronment in substantial quantities over a •
long period of time. Compelling evidence
from the scientific community on a wide
range of adverse health outcomes has
placed lead in the forefront of environ-
mental health concerns. In the 1970s,
federal regulatory and legislative efforts
were undertaken to reduce lead haz-
ards, including actions to limit the use
of lead in paint and gasoline.' The sec-
ond National Health and Nutrition.,
Examination Survey (NHANES II, 1976i
to 1980) established baseline lead mea-_
surements for the US population and~
demonstrated the pervasiveness of lead

See also pp 277 and 315.

exposure across race, urban and rural
residence, and income levels.2 Data
from NHANES II showed a decline in
blood lead levels from the beginning to
the end of the survey period that was
closely correlated to declines in the
use of leaded gasoline during these
years.3

Since 1980, intensive federal, state,
and local actions directed at primary
prevention have been taken to further
reduce lead exposure from gasoline,
paint, solder, and other sources. Sec-
ondary prevention activities, such as
screening for early detection and lead
education programs, have also been
implemented. New data from phase 1 of
the third National Health and Nutrition
Examination Survey (NHANES III
phase 1,1988 to 1991) permit examina-
tion of changes in blood lead levels since
1980 in the US population and evalua-
tion of the impact of these regulatory
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actions. The Hispanic Health and Nu-
trition Examination Survey (HHANES,
1982 to 1984) provides data on Mexican
Americans at '-an intermediate time
point. These analyses of trends in blood
lead levels serve both to evaluate the
effectiveness of prevention programs
and to develop new strategies to further
reduce lead exposure in the United
States.

METHODS
Design and Data Collection

The National Health and Nutrition
Examination Surveys (NHANES) are
designed to measure and monitor the
health and nutritional status of the US
population. The general design of the
NHANES is a stratified multistage
probability cluster sample of households
whose target population is civilian non-
institutionalized persons residing in the
United States. Blood lead levels were
determined in NHANES II (1976 to
1980), HHANES (1982 to 1984), and
NHANES III (1988 to 1994). The esti-
mates from NHANES II and NHANES
III are based on a national sample,
whereas HHANES sampled three His-
panic subgroups."

National trends of blood lead levels
presented in this article were based pri-
marily on comparisons of data from
NHANES II and NHANES III phase
I (1988 to 1991). Trends for Mexican
Americans were based on a comparison
between the estimates from HHANES
and NHANES III phase 1. The
HHANES also provides an intermedi-
ate point in time between NHANES
II and NHANES III. The HHANES
sample of Mexican Americans included
only those residing in the southwestern
United States whereas the NHANES
III phase 1 sample represented Mexi-
can Americans residing in the entire
United States.

Venous blood lead measurements
were obtained for persons aged 6 months
to 74 years in NHANES II; persons
aged 4 to 74 years in HHANES; and
persons aged 1 year and older in
NHANES III phase 1. Analysis was
limited to persons aged 1 to 74 years for
national trends and aged 4 to 74 years
for trends in the Mexican-American
population. The final samples used for
analyses included 9832 and 12119 for
the national trends from NHANES II
and NHANES III phase 1, respectively,
and 5682 and 4067 Mexican Americans
from HHANES and NHANES III phase
1, respectively. Data from all of the sur-
veys were collected using a household
interview followed by a detailed medi-
cal examination in a mobile examination
center.
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Fig 1 .—Blood lead levels (or persons aged 1 to 74 years: United States, second National Health and Nu-
trition Examination Sun/ey (1976 to 1980, top) and phase 1 of the third National Hearth and Nutrition Ex-
amination Survey (1988 to 1991. bottom).
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Fig 2.—Stood lead levels for children aged 1 to 5 years: United States, second National Health and Nutrition
Examination Survey (1976 to 1980, top) and phase 1 of the third National Health and Nutrition Examination
Survey (1988 to 1991, bottom).

The response rates for blood lead col-
lection in the three surveys ranged from
61% to 69%. Previous nonresponse bias
analyses conducted for NHANES II,
HHANES, and NHANES HI phase 1
indicated that there was no apparent
bias due to nonresponse.7'
Laboratory Method*

All venous blood specimens were col-
lected in the mobile examination cen-
ters, frozen, and shipped on dry ice to
the NHANES laboratory, Division of
Environmental Health Laboratory Sci-

ences, National Centers for Environ-
mental Health, Centers for Disease Con-
trol and Prevention, Atlanta, Ga, for
analysis. The methods for determining
lead in blood, including descriptions of
quality control and assurance proce-
dures, have been described for each sur-
vey.*" Comparability has been estab-
lished for the method used in NHANES
II and HHANES (modified Delves cup)
and that used in NHANES III phase 1
(graphite furnace atomic absorption
spectrophotometry), as described by
Miller et al.12 In each of the three sur-

JAMA. July 27. 1994—Vol 272. No. 4 Deciine m Blood Lead Levels—Pirkie et al 285



~ize ' —O.srcuvcn or Slccc Lsac Lsveis'or =9'scns Aged ' to 74 vears ay Age Category Sex Race.E"-"'C:r,- ^TDa- 5'a!_i 3-^ •- — '--_»,e _- 'ec ='a:es
'976 ;o '380 iSeccnd National neaith ana Nutrition Examination Survey fNHANES Ir; and 1988 to 199' iP'-ase 1 ot tre Thira National Heai!r> ana Ni.tnt.oi Ex-
amination Survey [NHANES III Phase tji

All persons
1976-1980

1988-1991

Ages 1-5 y
1976-1980

1988-1991

Ages 6-19 y
1976-1980

1988-1991

Ages 20-74 y
1976-1980

1988-1991

Males
1976-1980

1988-1991

Females
1976-1960

1988-1991

Non-Hispanic whites
1976-1980

1988-1991

Non-Hispanic blacks
1976-1980

1988-1991

Non-central city
1976-1980

1988-1991

Central city, <1 million
1976-1980

1988-1991

Central city, 21 million
1976-1980

1988-1991

Income level, lowf
1976-1980

1988-1991

Income level, midt
1976-1980

1988-1991

Income level, night
1978-1980

1988-1991

No.

9832

12119

2271

2234

2024

2963

5537

6922

4895

6051

4937

6068

6816

4337

1259

3274

7112

7495

1612

2909

1106

1379

2548

4106

4178

4050

2784

2781

Geometric Mean,
umoW. (iifl/dD*

0.62
(12.8)
0.14
(2.8)

071
(15.0)
0.17
(36)

0.56
(11.7)
0.09
(1.9)

0.63
(13.1)
0.14
(3.0)

0.72
(15.0)
0.18
(3.7)

0.54
(11.1)
0.10
(2.1)

0.61
(12.6)
0.13
(2.7)

0.70
(14.5)
0.17
(3-5)

0.60
(12.5)
0.13
(2.7)

0.66
(13.8)
0.14
(2.9)

0.67
(13.9)
0.19
(3.9)

0.63
(13.1)
0.16
(3.4)

0.61
(12.6)
0.13
(2.7)

0.63
(13.0)
0.12
(2.5)

96%
Confidence

Interval,
pmoM. (MQ/dL)

0.60-0.65
(12.4-13.3)
0.13-0.15
(2.7-3.0)

0.67-0.75
(14.2-15.8)
0.164.19
(3.3-4.0)

0.54-0.60
(11.2-12.4)

0.084.11
(1.7-2.2)

0.61-0.66
(12.7-13.7)
0.14-0.15
(2.8-3.2)

0.704.75
(14.5-15.5)
0.17-0.19
(3.5-3.9)

0.51-0.55
(10.6-11.5)
0.104.11
(2.0-2.2)

0.584.63
(12.1-13.1)
0.124.14
(2-2-2.8)

0.664.74
(13.7-15.5)
0.164.19
(3.3-3.9)

0.584.64
(12.0-13.1)
0.124.14
(2.5-2.8)

0.614.70
(12.7-14.5)
0.124.16
(2.5-3.4)

0.614.73
(12.7-15.1)
0.174.21
(3.6-4-3)

0.604.67
(12.4-13.8)
0.154.18
(3.1-3.8)

0.564.63
(12.1-13.1)
0.134.14
(2.6-2.9)

0.604.65
(12.5-13.5)
0.124.13
(2.4-2.7)

u4 UUAUCC III Hh_M

P«rc*ntllM, pmol/L JM9/dL)
t

5th

0.34
(7.0)

<0.05
(<1.0)

0.39
(8.0)
O.OS
(1.1)

0.29
(6.0)
<0.05
(<1.0)

0.34
(7.0)
<0.05
(<1.0)

0.39
(8.0)
0.06
(1.2)

029
(6.0)
<0.05
(<1.0)

0.29
(8.0)

<O.OS
(<1.0)

0.39
(8.0)
<0.05
(<1.0)

0.29
(8.0)
<0.05
(<10)

0.34
(7.0)
<O.OS
(<10)

0.34
(7.0)
0.06
(13)

0.29
(8.0)
eO.OS
(<1.0)

0.34
(7.0)
<0.05
(<1.0)

0.34
(7.0)
fO.QS
(<10)

10th

0.39
(8.0)
0.05
(1.0)

0.43
(9.0)
0.07
(1.5)

0.34
(7.0)
<0.05
(<1.0)

0.39
(8.0)
0.06
(1-2)

0.43
(9.0)
0.08
(18)

0.34
(7.0)
<0.05
(<1.0)

0.39
(8.0)
O.OS
(1.0)

0.43
(9.0)
0.06
(1.3)

0.34
(7.0)
0.06
(1.0)

0.38
(8.0)
0.05
(1.0)

0.43
(9.0)
0.09
(1.8)

0.34
(7.0)
0.06
(1.3)

0.39
(8.0)
O.OS
(1.0)

0.39
(8.0)
<0.05
(<1.0)

25th

0.48
(10.0)
0.09
(1.8)

0.58
(12.0)
0.11
(2.2)

0.43
(9.0)
0.08
(1.3)

0.48
(10.0)
0.10
(2.0)

0.58
(12.0)
0.12
(2.4)

0.43
(9.0)
0.07
(1.4)

0.48
(10.0)
0.08
(1.7)

0.53
(110)
0.11
(2.2)

0.48
(10.0)
0.09
(1.8)

0.53
(11.0)
0.09
(18)

0.53
(110)

0.12
(2.5)

0.48
(10.0)
0.10
(2.1)

0.48
(10.0)
0.08
(1.7)

0.48
(10.0)
0.08
(1.7)

50th

0.83
(13.0)
0.14
(3.0)

0.72
(15.0)
0.18
(3.7)

0.58
(12.0)
0.10
(2.1)

0.63
(13.0)
0.15
(3.2)

0.72
(15.0)
0.18
(3.8)

0.53
(11.0)
0.11
(2.3)

063
(13.0)
0.14
(2.9)

0.72
(15.0)
0.18
(3.7)

0.63
(13.0)
0.14
(3.0)

0.68
(14.0)
0.14
(3.0)

0.68
(14.0)

0.19
(4.0)

0.63
(13.0)
0.17
(3.6)

0.63
(13.0)
0.14
(2.9)

0.63
(13.0)
0.14
(2.8)

TSIh

082
(170)
0.23
(4.8)

0.92
(19.0)
0.28
(5.9)

0.72
(15.0)
0.17
(3.5)

0.82
(170)
0.24
(5.0)

0.92
(19.0)
0.28
(5.8)

0.68
(14.0)
0.18
(3.8)

0.77
(16.0)
0.22
(4.5)

0.92
(19.0)
0.28
(5.9)

0.77
(16.0)
0.22
(4.6)

0.87
(18.0)
0.25
(5.2)

0.87
(18.0)
0.29
(6.1)

0.82
(17.0)
0.28
(5.8)

0.77
(16.0)
0.23
(4.7)

0.82
(17.0)
0.21
(4.3)

90th

1.01
(21.0)
0.35
(73)

1.16
(240)
0.46
(96)

0.92
(19.0)
0.26
(5.4)

106
(22.0)
0.36
(7.4)

1.16
(24.0)
0.42
(8.7)

0.87
(18.0)
0.28
(5.7)

1.01
(21.0)
0.33
(6.8)

1.11
(23.0)
0.45
(9.3)

1.01
(21.0)
0.33
(8.9)

1.08
(22.0)
0.40
(8.3)

1.08
(22.0)
0.48
(9.9)

1.11
(23.0)
0.45
(9.4)

1.01
(21.0)
0.34
(7.1)

101
(21.0)
0.30

•. t«.3)

95th

1.21
(250)
0.45
(9-4)

1.35
(28.0)
0.59

(12.2)

1.06
(22.0)
0.36
(7.4)

1.25
(26.0)
0.46
(9.5)

1.30
(270)
0.52

(10.9)

0.97
(20.0)
0.36
(7.4)

1.16
(24.0)
0.43
(8.9)

1.30
(270)
0.58
(12.1)

1.16
(24.0)
0.43
(8.9)

1.25
(26.0)
0.50
(10.4)

1.21
(25.0)
0.64
(13.2)

1.25
(26.0)
0.57

(118)

1.16
(24.0)
0.44
(9.1)

1.21
(25.0)
0.39
(8.0)

3
=1

=5

tincome level wa* defined by poverty-income ratio (PIR) categorized as tow (OxPIR<1.30), rrad (1.30sPIRc3.00), and high (P1R23.00).
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All Persons

Age«1-5y
Ages 6-19 y

Ages 20-74 y

Males
Females

Non-Hispanic White
Non-Hispanic Black

Non-Central City
Central City. <1 Million
Central City, 21 Million

Low PIR
Mid PIR

High PIR

20 40 60 80
Decrease in Geometric Mean Blood Lead Levels. %

(1976 Through 1980 to 1988 Through 1991)

100

Fig 3.—Percentage decrease in geometric mean blood toad levels for persons aged 1 to 74 years by age
category, sex, race/ethnicity, urban status, and income level: United States, 1976 to 1980 (second National
Health and Nutrition Examination Survey) to 1988 to 1991 (phase 1 of the third National Health and Nutri-
tion Examination Survey). Income level defined by poverty-income ratio (PIR) as low (CkPIR<1.30), mid
(1.30SPIR<3.00). and high (PIR23.00).

0.77(16) -,

0.68 (14) -

0.58(12) -

ED NHANES II i—I NHANES III Phase 1

1-2 3-5 6-11 12-19 20-29 30-39 40-49 50-59 60-74

Fig 4.—Geometric mean blood lead level* tor persons aged 1 to 74 years by age: United States. 1976 to
1980 (second National Health and Nutrition Examination Survey [NHANES II)) and 1988 to 1991 (phase 1
of the third National Health and Nutrition Examination Survey [NHANES III phase 1]).

veys. the blood lead measurements were
calibrated using standards prepared
from lead nitrate Standard Reference
Material 928 obtained from the National
Institute of Standards and Technology,
Gaithersburg, Md. The consistent use of
Standard Reference Material 928 for cali-
bration assured a common accuracy base
across surveys.
Demographic and Soctoeconomte
Covariats*

The trends analysis included stratifi-
cation by five sociodemographic vari-
ables: age, sex, race/ethnicity, urban sta-
tus, and income level. Age was defined

in years and categorized as 1 to 5 years
(4 to 5 years for Mexican Americans), 6
to 19 years, and 20 to 74 years for analy-
sis. Race/ethnicity was categorized as
non-Hispanic black, non-Hispanic white,
and Mexican American. Because of small
sample sizes, persons not defined by
these three largest US race/ethnicity
groups were included only in the overall
estimates.

Definitions for income level and ur-
ban status were based on those previ-
ously determined by the US Bureau of
the Census. Income level was defined
by the poverty-income ratio (PIR): the
total family income divided by a poverty

threshold. The PIR was divided into
three categories: low (0<PIR<1..30) mid
(1.30<PIR<3.00), and high (PIR>3.00)
Urban status was categorized as non-
central city, central city with population
less than 1 million, and central city with
population 1 million or greater.
Statistical Analysis

Survey-specific sample weights were
used in all statistical analyses. Geomet-
ric means and percentiles of blood lead
were calculated using S AS.13 Log10 trans-
formed blood lead levels were used
to normalize the distribution of blood
lead levels. Geometric means were cal-
culated by taking the antilog of the
mean logic blood lead levels. SUDAAN,14

a statistical software package that in-
corporates the sample weights and ad-
justs for the complex sample design of
the survey, was used to estimate the
SEs.
RESULTS

The results of the trend analysis in
blood lead levels are presented in two
parts: first, the change in blood lead lev-
els from NHANES II (1976 to 1980) to
NHANES III phase 1 (1988 to 1991),
and second, the change in blood lead
levels for Mexican Americans from
HHANES (1982 to 1984) to NHANES
III phase 1 (1988 to 1991).

From NHANES II (1976 To 1980) to
NHANES HI Phase 1 (1988 To 1991)

The different distributions of blood
lead levels for those aged 1 to 74 years
from NHANES II and NHANES III
phase 1 are presented in Fig 1. A decline
of approximately 0.48 umol/L (10 ug/
dL) occurred in the geometric mean
blood lead level as well as a clear change
in the shape of the distribution. When
the sample was limited to children aged
1 to 5 years, similar results were ob-
served (Fig 2).

The geometric means, 95% confidence
intervals, and percentiles of the blood
lead distribution for the total population
and stratified by the five sociodemo-
graphic factors are presented by survey
in Table 1. For the total population, the
geometric mean decreased by 0.48
umol/L (10 ug/dL). Stratification of the
data showed that the size of the de-
crease was fairly constant across sex,
race/ethnicity, age groups, urban sta-
tus, and income levels.

The decline represents an overall de-
crease in blood lead levels of 78% for
persons aged 1 to 74 years and a de-
crease of 70% or more for selected sub-
groups (Fig 3). Children and youths
aged 6 to 19 years showed the great-
est decline in blood lead levels. How-
ever, a decline of 0.48 umol/L (10 u.g/
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Blood Lead Levela of Population Group. %

All persons
1976-1980
1988-1991

Ages l - 5y
1976-1980

1988-1991
Ages 6-19 y

1976-1980
1988-1991

Ages 20-74 y
1976-1980
1988-1991

Males
1976-1980
1988-1991

Females
1976-1980
1988-1991

Non-Hispanic whites
1976-1980
1988-1991

Non-Hispanic blacks
1976-1980
1988-1991

Non-central city
1976-1980
1988-1991

Central city. <1 million
1976-1980
1988-1991

Central city, >t minion
1976-1980
1988-1991

Income level, low*
1976-1980
1988-1991

Income level, mid*
1976-1980
1988-1991

Income level, high*
1976-1980
1988-1991

No.

9832
12119

2271
2234

2024
2963

5537
6922

4895
6051

4937
6068

6816
4337

1259
3274

7112
7495

1612
2909

1108
1379

2548
4106

4176

4050

2784
2781

>1.45pmol/L
(>30 pg/dL)

1.9
0.2

4.1

0.4

0.6
0.0

2.3
0.3

3.3
0.4

0.6
0.1

1.7
0.2

2.8
0.2

1.9
0.1

1.9
0.3

1.8
1.1

2.9
0.5

1.7
0.2

1.5
0.1

21.21 umoVL
(225 MgVdL)

52
0.4

9.3
0.5

2.4
0.2

5.9
0.4

9.0
0.7

1.6
0.1

4.8
0.4

8.4
0.4

4.9

03

6.1
0.3

6.0
1.4

6.8
0.9

4.6
0.3

5.1
0.3

>0.97 pmcVL
(>20pg/dL)

149

0.6

24.7
1.1

8.2
0.4

16.7
0.7

24.1

1.1

6.2
0.2

14.0
0.6

22.9
1.2

13.9
0.6

17.1
0.6

18.4

1.9

18.0
1.8

13.8
0.5

14.5
0.4

20.72 MmoVL
(215 ugrdL)

37.7

1.1

526
2.7

27.7
0.8

40.3
1.1

53.1
1.9

23.0
0.4

36.0
0.9

50.9
2.6

35.3
0.9

43.1
1.8

44.4

2.9

39.6
2.6

36.3
0.9

38.3
0.6

>0.48 Mmol/L
(210 ug/dL)

778

4.3

88.2
8.9

71.7
2.6

79.4
4.4

89.6
6.8

66.7

1.8

76.9
3.6

86.4
8.5

75.7

3.5

82.1
5.9

848
9.8

78.4

8.8

76.1
3.4

79.8
2.7

I
20.24 (jmol/V.

992
23.3.

998
33.2

99.1
12.2

99.2
25.5

99.8
33.5

98.7
13.2

99.2
. 21.1

99.7
33.7

99.0
21.7

99.8
26.9

99.9
360

99.2
32.6

99.3
22.9

99.4
16.4

3

zm

•Income level was defined by poverty-income ratk) (PIR) categorized as tow (0<PIR<1 30), mid (1 30sPIR<3.00). and high (PIR23.00).

dL) or greater between NHANES II
and NHANES III phase 1 was con-
sistent across the entire age range
(Fig 4).

The percentage of the population with
blood lead levels at or above selected
values is presented in Table 2. These
levels were chosen in part because of
their prior or potential use in public
health policy. For those aged 1 to 74
years, the prevalence of blood lead lev-
els 0.48 umol/L (10 ug/dL) or greater
decreased from 77.8% in NHANES II
to 4.3% in NHANES III phase 1. For
children aged 1 to 5 years during the
same time frame, the prevalence of blood
lead levels 0.48 umol/L (10 ug/dL) or
greater decreased from 88.2% to 8.9%.
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The change in percentage of children at
or above selected lead levels from
NHANES II to NHANES III phase 1
is presented in Fig 5.

Separate analysis by race/ethnicity re-
vealed that geometric mean blood lead
levels declined by 77%, from 0.66 to 0.15
umol/L (13.7 to 3.2 ug/dL), for non-His-
panic white children and by 72%, from
0.97 to 0.27 umol/L (202 to 5.6 ug/dL),
for non-Hispanic black children. The
prevalence of blood lead levels 0.48
umol/L (10 ug/dL) or greater for chil-
dren in this same age group declined
from 86.0% to 5.5% for non-Hispanic
white children and from 97.7% to 20.6%
for non-Hispanic black children.

Mean blood lead levels decreased from

0.73 to 0.20 umol/L (15.2 to 4.1 ug/dL)
for children aged 1 to 2 years and from
0.71 to 0.16 umol/L (14.8 to 3.4 ug/dL)
for children aged 3 to 5 years. During
the same time period, the prevalence of
blood lead levels 0.48 umol/L (10 ug/dL)
or greater also decreased from 88.3% to
11.5% for children aged 1 to 2 years and
from 88.1% to 7.3% for children aged 3
to 5 years.

Mean blood lead levels decreased by
60% (1.16 to 0.47 umol/L [24.0 to 9.7
ug/dL]) for non-Hispanic black children
from low-income families living in the
central cities with populations of 1
million or more. This epmpares with
an overall decrease in Mood lead lev-
els of 75% (0.72 to 0.18' umol/L [14.9

.•4*
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to 3.6 u.g/dLJ) for all children aged 1
to 5 years.
From HHANES (1982 to 1984} to
NHANES III Phase 1 (1988 to 1991)

The HHANES was conducted from
1982 to 1984, between the second and
third NHANES. Geometric mean blood
lead levels were also found to be inter-
mediate between the estimates of the
two national surveys. The blood lead
levels of Mexican Americans from
HHANES were lower than overall lev-
els observed in NHANES II, but not as
low as levels of Mexican Americans
sampled in NHANES III phase 1.

Geometric means, 95% confidence in-
tervals, and percentiles of the blood lead
distribution of Mexican Americans be-
tween HHANES and NHANES III
phase 1 are presented in Table 3. Mexi-
can Americans showed an overall de-
crease in geometric mean of 65%, from
0.41 to 0.14 umol/L (8.5 to 3.0 ug/dL).
The geometric mean for children aged 4
to 5 years declined from 0.52 to 0.17
umol/L (10.9 to 3.5 ug/dL). As demon-
strated in the comparison of NHANES
II to NHANES III phase 1 estimates,
the size of the decrease in blood lead
levels was similar in both sexes and
across age groups and income levels.

The proportion of the Mexican-Ameri-
can population at or above selected blood
lead levels is shown in Table 4. Overall,
prevalence of blood lead levels 0.48
umol/L (10 ug/dL) or greater among
Mexican Americans decreased from
41.2% to 5.9%. The percentage of chil-
dren aged 4 to 5 years with blood lead
levels 0.48 umol/L (10 ug/dL) or greater
decreased from 61.5% to 4.9%. These
results demonstrate that one in 20 Mexi-
can Americans aged 4 to 5 years con-
tinue to have blood lead levels of health
concern.
COMMENT

The data from two national surveys of
the US population, conducted more than
a decade apart, demonstrate a substan-
tial decline in blood lead levels. As the
consequence of a shift in the overall dis-
tribution of lead levels, fewer persons
have blood lead levels in the upper
ranges. The decrease in mean blood lead
levels was observed for the total popu-
lation and within all race/ethnicity, sex,
urban status, and income level subgroups
examined in this article. The prevalence
of blood lead levels 0.48 umol/L (10 ug/
dL) or greater also decreased sharply
from 77.8% to 4.3%.

As discussed herein, exposure to lead
from major population-wide lead sources
declined between 1976 and 1991. Con-
sistent with this decline, the blood lead
levels observed in HHANES (1982 to
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NHANES III Phase 1

>0.97
(220) (>25)

Blood Lead Level Cutoff, umol/L (ug/dL)

21.45
(230)

Fig 5.—Percentage of children aged 1 to 5 years at or above selected blood lead levels: United States 1976
to 1980 (second National Health and Nutrition Examination Survey [NHANES II]) and 1988 to 1991 (phase
1 of the third National Health and Nutrition Examination Survey (NHANES III phase 1])

1984) were intermediate between levels
found in NHANES II (1976 to 1980) and
NHANES III phase 1 (1988 to 1991).
Consequently, the magnitude of de-
crease from HHANES to NHANES III
phase 1 (65%) was less than from
NHANES II to NHANES III phase 1
(78%). The percentage of Mexican
Americans with blood lead levels 0.48
umol/L (10 ug/dL) or greater declined
from 41.2% to 5.9%. In NHANES III
phase 1, both mean blood lead levels and
the prevalence of blood lead levels 0.48
umol/L (10 ug/dL) or greater of Mexi-
can Americans were closer to those of
non-Hispanic whites than to those of
non-Hispanic blacks.

The decline in blood lead levels seen
in these national surveys is consistent
with the results of other studies of en-
vironmental lead levels,1 which indicate
that a continued reduction in exposure
to lead sources began in the late 1970s
and continued throughout the 1980s. Be-
tween 1976 and 1991, the three major
sources of lead exposure common to the
general population were lead in gaso-
line, soldered cans, and paint. In 1976, a
total of 186.47 million kg (205810 tons)
of lead was used in gasoline in the United
States.11 In 1983, this amount had
dropped to 51.59 million kg (56 940 tons),
and in 1990, lead used in gasoline had
been reduced to 0.47 million kg (520
tons).15 From 1976 to 1990, the amount
of lead used in gasoline decreased 99.8%.
The reduction of lead in gasoline is most
likely the greatest contributor to the
observed decline in blood lead levels dur-
ing the period of the national sur-
veys.1*1"*

Lead from gasoline and soldered cans
contribute to lead in food. Since gasoline
lead enters food through multiple path-
ways,uw< it is difficult to make a quan-

titative estimate of the reduction in food
lead that resulted from decreasing lead
in gasoline. The amount of lead used in
soldered cans decreased markedly
throughout the 1980s. In 1980, 47% of
food and soft drink cans were lead sol-
dered. By 1985, this figure had dropped
to 14%, and by 1990, only 0.85% of food
and soft drink cans were lead soldered.18

As of November 1991, lead-soldered food
or soft drink cans were no longer manu-
factured in the United States.18

The Food and Drug Administration
uses "market-basket" surveys to esti-
mate the average daily intake of lead
from food for various population groups
in the United States.19 For 2-year-old
children, these surveys estimate the
typical daily intake of lead to have
dropped from 30 ug/d in 1982 to 1.9 ug/d
in 1991."* The Environmental Protec-
tion Agency estimated in 1986 that about
42% of lead in food came from lead-sol-
dered cans.1 Thus, reducing the amount
of lead used in soldered cans has likely
been a major factor in reducing food
lead levels. Although it is difficult to
quantitatively determine the decrease
in blood lead levels attributable to re-
duced amounts of lead in soldered cans,
the decline in the amount of lead used in
this source probably contributed sub-
stantively to the observed decline in
blood lead levels.

The manufacture of lead-based paint
was limited to less than 0.06% by weight
in 1978 by the Consumer Product Safety
Commission.1 Individuals who have
left housing with lead-based paint or
who reside in lead-abated homes have
reduced their lead exposure. Still, lead-
based paint remains a problem, pre-
dominantly in older, deteriorating
housing.1 •KM The NHANES do not spe-
cifically target persons who live in such
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All persons
1982-1964

1988-1991

Ages 4-5 y
1982-1984

1988-1991

Ages 6-19 y
1982-1984

1988-1991

Ages 20-74 y
1982-1984

1988-1991

Males
1982-1984

1989-1991

Females
1982-1964

1986-1991

Income level, lowf
1982-1984

1988-1991

Income level, midt
1982-1984

1968-1991

Income level, night
1982-1984

1986-1991

No.

5882

3811

269

349

2331

1188

3082

2074

2638

1797

3044

1814

2460

1664

2032

1024

674

393

Geometric Mean,
umoW.(ug««->*

0.41
(8.5)
0.14
(3.0)

0.53
(10.9)
0.17
(3.5)

0.39
(8.0)

0.12
(2.5)

0.43
(B.7)

0.15
(3.2)

0.50
(10.4)

0.19
(4.0)

0.34
(7.0)

0.11
(2.2)

0.42
(8.6)

0.16
(3.3)

0.40
(8.3)

0.13
(2.6)

0.39
(8.1)
0.11
(2.3)

95%
Confidence

Interval.
lunolA. (MO/dL)

0.40-0.42
(8.3-8.7)

0.12-0.17
(2.5-3.5)

0.504.56
(10.3-11.5)

0.14-0.21
(2.8-43)

0.38-0.40
(7.8-8.2)

0.10-0.15
(2.0-3.2)

0.40-0.43
(13-9.0)

0.13-0.18
(2.7-17)

0.49-0.51
(10.2-10.5)

0.16-0.23
(3.3-4.8)

0.32-0.35
(6.7-7.2)

0.09-013
(1.8-2.7)

0.42-0.44
(8.6-9.1)
0.13-0.19
(2.7-4.0)

0.38-0.42
(7.9 .̂7)

0.11-0:15
(2J-3.1)

0.37-0.38
(7.6-8.6)

0.094.14
(1.8-19)

Percentlles, pmoVL (MOA"-)
i
5th

0.19
(4.0)

<0.05
(<10)

0.24
(5.0)

<0.05
(<1-0)

0.19
(4.0)

<0.05
(<1 0)

0.19
(4.0)

<0.05
(<1.0)

0.24
(5.0)

0.06
(1.2)

0.14
(3.0)

<0.05
(<1.0)

0.19
(4.0)

<0.05
(<1.0)

0.19
(4.0)

<0.05
(<10)

0.19
(4.0)

<0.05
(<1.0)

10th

0.24
(5.0)

0.05
(1.1)

0.29
(6.0)
0.07
(1.4)

0.24
(5.0)

<O.OS
(<10)

0.24
(5.0)

0.05
(1.1)

0.28
(8.0)

0.06
(1.6)

0.19
(4.0)

<0.05
(<1.0)

0.24
(5.0)

0.06
(1.2)

0.24
(5.0)

<0.05
(<1.0)

0.24
(5.0)

<O.OS
(<1.0)

25th

0.29
(6.0)
0.09
(1.9)

0.39
(8.0)

0.12
(2.5)

0.29
(6.0)

0.08
(1.6)

0.29
(6.0)
0.10
(2.0)

0.39
(8.0)

0.12
(2.5)

0.24
(5.0)
0.07
(1.4)

0.29
(6.0)

0.10
(2.0)

0.29
(6.0)

0.06
(1.6)

0.29
(6.0)

0.08
(1.6)

50th

0.43
(9.0)

0.16
(3.3)

0.53
(11.0)

0.18
(3.8)

0.39
(8.0)

0.14
(2.8)

0.43
(9.0)

0.16
(3.4)

0.46
(10.0)

0.20
(4.2)

0.34
(7.0)

0.12
(2.4)

0.43
(9.0)
0.17
(3.6)

0.43
(9.0)

0.14
(2.9)

0.39
(8.0)

0.12
(2.5)

7Sth

0.58
(12.0)

0.26
(5.4)

0.68
(140)

0.28
(5.9)

0.53
(11.0)

0.23
(4.7)

0.58
(12.0)

0.28
(5.7)

0.68
(14.0)

0.31
(6.5)

0.43
(9.0)

0.19
(3.9)

0.58
(12.0)
0.28
(5.8)

0.58
(12.0)

0.23
(4.8)

0.53
(11.0)

0.19
(4.0)

90th

0.77
(16.0)

0.40
18.3)

0.92
(190)

0.40
(8.3)

0.68
(14.0)

0.36
(7.4)

0.77
(16.0)

0.42
(8.6)

0.87
(18.0)

0.45
(9.4)

0.56
(12.0)

0.31
(6.4)

0.77
(16.0)

0.43
(90)

0.77
(16.0)

0.36
(7.5)

0.72
(15.0)

0.28
(5.7)

I

95th

087
(180)

0.51
(10.6)

1.11
(23.0)

0.48
(9.9)

0.82
(170)

0.47
(98)

0.92
(19.0)
0.54

(11 1)

1.01
(21.0)

0.57
(118)

0.88
(14.0)

0.41
(8.4)

0.92
(19.0)
0.54
(11.1)

0.87
(18.0)
0.44
(9.2)

0.82
(17.0)

0.35
(7.3)

•For each grouping, the geometric meant from HHANES and NHANES III pnaae 1 are stattttfcaly different (fle.01).
rincoma level we* defined by poverty-income ratio (PIR) categorized aa tow (0<PIR<1.30), mid (1,30sP1R<3.00), and high (PIR23.00).

housing. The distribution of blood lead
levels in the NHANES reflects expo-
sure in the general population, whereas
studies focusing on high-risk populations,
such as persons living in older, deterio-
rating housing, may find a different blood
lead distribution. Data from national
housing surveys indicate that in 1960
about 242 million (30.3%) occupied
houses in the United States were built
before 1940 when lead-based paint was
in common use. By 1989, this number
had decreased by 3.4 million to 20.8 mil-
lion (22.2%), suggesting that population
exposure to lead-based paint may have
decreased slightly ,aa On the other hand,
the continuing deterioration of lead-
based paint in existing houses could in-
crease the likelihood of exposure for per-

sons in the 20.8 million households who
remained in these older houses. On a
population scale, it is not clear whether
the net effect is an increase or decrease
in exposure to lead-based paint.

The consistent decline in blood lead
levels across broad population catego-
ries of age, sex, race/ethnicity, urban
status, and income level most probably
reflect changes in exposure to major
population-wide lead sources. In addi-
tion, selected population groups within
the United States are likely to have ben-
efited from other changes in exposure,
such as reductions in lead in community
water supplies and reduction of lead
emissions from local industry.

The public health impact of the ob-
served decline in blood lead levels of the

US population is dramatic, especially
for children. The change in the propor-
tion of children aged 1 to 5 years with
blood lead levels 0.48 umol/L (10 ug/dL)
or greater was at least 70% for non-
Hispanic whites, non-Hispanic blacks
and Mexican Americans. Although the
decline in blood lead levels is encourag-
ing, the number of children with lead
levels 0.48 umol/L (lOug/dL) or greater
remains substantial and disproportion-
ately higher for non-Hispanic black
children (one in five children), as dis-
cussed in the accompanying article in
this issue.'

At least 99.8% of lead in gasoline has
already been removed; and domestically
produced cans are no longer lead sol-
dered. Therefore, to achieve additional
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Table 4—Percentage of Mexican Americans Aged 4 to 74 Years at or Above Selected Stood Lead Level Cutoffs by Age. Sex and Income Level: 1982 to '984
(Hispanic Health and Nutntion Examination Survey) and 1988 to 1991 (Phase 1 of the Third National Health and Nutrition Examination Survey)

V

All person*
1982-1984
1988-1991

Ages 4-5 y
1982-1984
1988-1991

Ages 6-19 y
1982-1984
1988-1991

Ages 20-74 y
1982-1984
1988-1991

Males
1982-1984
1988-1991

remaHa
1982-1984
1988-1991

Incofno wvWt tow^
1982-1984
1988-1991

InCOfTtC MVWt HIM
1982-1984
1988-1991

Income level, high'
1982-1984

1988-1991

No.

5682
3611

269
349

2331
1188

3082
2074

2638
1797

3044

1814

2460
1664

2032
1024

674

393

I —————————
21.46 gmoM.
(ZSOugWL)

0.4

0.0

2.4
0.0

0.3
0.0

0.3
0.0

0.6
0.0

0.1
0.0

O.S
0.0

0.4
0.0

0.2
0.0

Wood Lead Lavste of Reputation droop, %

21.21 iimoH.
(22SugML)

1.3
0.2

4.9
0.0

0.5
0.1

1.5
0.2

2.1
02

0.4
0.1

1.4

0.1

1.3
0.0

0.8
0.0

20.97 umoVL
(220M9WL)

3.6
0.4

8.8
0.0

2.0
0.4

42
0.4

6.2
O.S

1.1
0.3

4.1

0.4

3.4

0.3

2.7

0.0

20.72 umoVL
(215 ugML)

12.8
1.5

24.7
0.1

9.0
0.9

14.1
19

21 1
. 22

4.5
0.7

14.6

1.7

11.4

1.1

10.0
0.0

20.48 MffloVL
(210 uo/dL)

412

5.9

61.5
4.9

35.6
4.5

42.9
6.6

58.4
8.7

23.8
2.8

45.2
7.3

38.0
4.2

35.8
1.6

——— n
20.24 |jfnol/L
(25|io/dL)

91.2
289

96.4
327

90.1
23.8

91.5
31.0

96.8
40.5

85.6
16.4

92.2
33.5

90.1
23.6

91.2
14.7

•Income level was defined by poverty-income ntt> (P1R) categorized a* low <0<PIRS1.30). mM (1.30SPIRO.OO). and high (PIR23.00).
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